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SubJect: An inveetigation concerning the prototype behavior of rnxmi* 
glory spillwayti, 

In recent years, questions have been frequent re&rding the merits 
end dieadvantages of morning-glory shaft spillways. With the constructicn 
of the Heart Butte D m  Spillway, which wi.U consist of a morning-glory 
deaignod for eubmerged flow rlth as much as 54 feet of head on the crest, 
tlnd the design of the Hungry H~rse Spillway, which w i l l  feature a total 
drop of 475 feet from headwater to kilwater, the old quee-bions take on 
new significeuaoe. For example, vibration in .the Heart Butte Spilhy, 
which is embed8ed i n r  poorly cemented ~andebne, wotild create a serioue 
situation. The possibility of eroeion of the tunnel lining in the Hungry 
Horse Spillway by the high-velocity flow, produced by the unusually high 
head, also requires serious conside~tion. - 

In an attempt to prtidly clarify some of the questions in the 
light of prototype experience, a questionnaire was sent to persons con- 
nected with each morning-glory shaf't spillway, of any size, hown to exist 
C,hroughout the world. This report constitutes an abatract of the findings 
acquired in thi0 mnner. 

CHARACTERISTICS OF TEE MOP8ING-ORY SPIXWAY 

The morning-Gory shaft spillway ie at$ractlve in that it can of'ten , 

be constructed at* a moderate cost when compared to other types, and It 
is adaplablc~ to d a m  in narrow canyons. For free flok-, the discharge 
charncte~l~tics for +,he morning-glory are similar to t$nose for- the straight 

*, 

werfali. eectian; an increasrs in diecharge being proportional to the 
three-halves power of the head. When operated sabmerged, the flow chamso- 
teristlce change co"qletely, an increase in diechar& then being propor- 
tional b the  square root of the head, but the effectlvs head in W e  case 
m y  oxcoed tne head meaeured above tlre crest !The salient difference ie 
t&at-clnce 'euhesged flow occurs, a =her increase in head meulte in a 
very limited increase in discharge. This feature is a diatinct Qieadvmn- 
tage over thq'free overfall type of structure and requires c a r e m  con- 
sideration, eepec1aU.y in this country where ~tream-gage records are not 
e-naive so far ae length of time ie concerned. 
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Subject: A n  investigation concerning the prototme behavior of morniw 
glory spillways. 

I n  recent yeare, questlono have been frequent r e8a rd iq  the merits 
and d i s a d v a n ~ e s  of morning-glory shaft spillways. With the conetructim 
of the  Heart Butte I&ri Spillway, which w i l l  coneiet of a mrning-glory 
de~igrlec? fo r  submerged flow w3th a s  much as 54 fee t  of head on the creet, 
and the dealgn of the Hungry Horse Spillmy, which w i l l  feature a t o t a l  
drop of 475 fee t  from headwater t o  tailwater, t h e  old queetima take on 
new significance. For e-le, vibration in  the Hart Butte S g i l l m ,  
which is embedded in  poorly cemented amdotone, would create a serious 
situation. The possibility of erosion of the  tuncel l in ing  i n  the Bmgry 
Horse Spillway by the high-velocity f low, produced by the unuam31y high 
head, also requires serlom coaoideration. 

In  ar. attempt t o  p r t i a l l y  c lar l fy  eome of the questions i n  the 
'.ight of prototype experience, a queat1onnaii-s wae sent t o  p r sone  con- 
nected with each morning-glory shaft sp iUwa~,  of any size, lmown t o  exist  
throu@out the world. This report constitutes an a b s t a c t  of the f l n d i q e  
acquired i n  t h i s  manner. 

The morning-glory ahaft spillway is at t ract ive in  thai it can often 
be cmstmcted a t  a moderats coet when commred t o  other tms, and it 
is a6ap tb le  t o  dam i n  narrow cangpns. For free flw, the dlucharge 
characteristics f o r  the morning-glory are aimllar t o  those f o r  the s traight  
overfall  dam sectLon; an increase in  diecharge being proportionsl to +he 
three-halves power of the head. When operated eubmerged, the flow c h m e  
t e r i s t l c s  change completely, an increase in diechar& &ken being pmpor- 
t i o r a l  to the square root of the head, but the effective head i n  thie case 
m y  exceed the head measured above the cres t  The w l i e n t  difference is 
t h a t  once submerged f lm occura, a *her increase in head reeulte in  a 
very limited imrease i n  diecharge. This feature i a  a d is t inc t  disadvsn- 
tage over the free overfall type of structure and requires oe~sful con- 
eideraticn, e s p e c i t i y  in t h i s  country vhere stnam-cage records are not 
extensive 80 far ae Length of tims i c  concerned. 



The investigation consisted of f i r s t  sear~hing available l i t e m t u r s  
f o r  i n f o m t i o n  on morning-glorr epillways; then corresponding with pererne 
famillar w i t h  these f ie ld  etructuras. The pertinent detailg, such sn name, 
location of spillway, mar lmum designed discbarge, maximum head on c r e ~ t ,  
vert ical  f a l l ,  gate arrangement, diameter of tunnel, etc., are recorded on 
e l  together with references t o  engineering l i t e ra tu re  *ad eource of 
information. Sketches and cross-sectima of the eplllvaye investigated a m  
shown on mgtrree 1 and 2 .  

The follwirlg i s  the general t ex t  of the queeti-e tranemitted to 
each of the.varioue engineer correspondents l ie ted on %ble 1: 

"In con?ection with the design of recent large morning-glory 
spillways, an attempt is being nade t o  obtain any pertinent infornatim 
regarding the behavior of similar but smaller prototype ~ t r u c t u r e e  i n  
the f i e l d .  We are p l r t icular lp  interested In  any diffictCLtie8 t h a t  
have been experienced i n  the operation of the spillway under coneidem 
tion over the period of years since i t s  completion. In an endeavor t o  
convey t o  you the ty-p of information deeired, the follv&ng questions 
may be h e l p m :  

"am Baa any erosion of the concrete been experienced i n  +he 
tunnel, espeelally i n  t he  vicini ty of the ver t ica l  elbwx? 

"b. 6as  o b j e c t i o ~ ~ l e  vibration ever been noticeable i n  the 
s tructwe during operation? 

"c. %e any difficulty been experienced in  the paeaing of 
debris o r  ice? 

"d. 3x1 noise ever been sufficient t o  be obJecticnable7 

"e. Has the shaft spillway ever operated aubmer~d,  and 
i f  so, were any-objectionable conditions witneesod, such a s  
cavitation +roeion, objectionable vortices, etc.? 

"f. Please mentioc any other ur.ususl d i f f icul t ies  which 
m y  have been experienced In operation of the spillway proper. 

"g .  Have any rel iable .discharge measurements been made 
during operation of the a h a f t  e$illway? If so, a record of 
the discharges and correepondlng reservoir elevations would 
be appreciated. " 

The response f r o m  t h i s  inquiry proved very g ra t i f ang ,  and,the 
cooperatior. recelved from the varloua individuals was excellent. In 
only one case was a reply lacking: namely, that ~ I U  t;l3 mrning-glory 
sbafts for  the Baseano Parer Carial in Italj. The diff icul ty here ma 
i n  locating an inuividual familiar with the project. Correspondence me 
not attempted i n  +Ae case of the spillway for the S u h k  nim i n  Ruesia 
fo r  the saw reason. It i s  doubtful whether the l a t e r  dam hae been 
constructed. 



m m T I O N  RECEIVEI! . 
The information received *om rrZl questimmriee Is br ief ly  

surm~arieed in  Table 2. -Although definite queaticns were aeked i n  the 
gueetionnaries, the number varied de-nding on the s p i h y  investigated. 
Where replies #ere merely etatsd in  the affirmative or the negative, the - 
only l i s t i n g  made i e  In Table 2. Where additional Inf'okation wss volun- 

Owyhee Dam (~vghee ProJect, ldaho) 

tbe reeervoir w a ~  0.8 of a f6ot aver the c m e t  of the r ing gate. The 
gate was l e f t  i n  the lawered p s i t i o n  until A p r i l  14, 1936, when it 
was raieed an3 the flow ehui; off t o  penult jmpection of the  tunnel. 
Up t o  this tiole, the maximum diecharge *reached bad .been 7,600 second- 
fee t  and the t o t a l  amunt of water spilled was 55,000 acre-feet . On 
April. 15, 1936, the gate vcss opsratea throughout i t e  range and the 
operation was -0th and ea t i s fac tov  and ebwed no dispoei t im t o  

"During 1936, the automtic cnntrole on the r ing gate rslee~eed 
mtt3r faeter than anticipated, and a large whirl, forrned by the die- 
charge from the epillway tunnel, washed out about 300 fee t  of f i l l  
In the canyon -Immediately below the dam and a ~ i l r o s d  t r ee t l e .  ~ d & -  
t ic lnal  cutting and some danmge t o  the Owyheo Ditch Conpup diversion 
were experienced in' Later sk6bna. During the vinter  of 1938, the 
a u t q t i c  control8 were d l a c a ~ e c t e d  from the  ring gate. The reaeon 
f o r  t h i ~  is illlastrated In the following e k l e :  

If l-,800 aecond-feet are be- released (approximately 2 
feet over the creet of the gate) crnd the wlnd blows damstream, 
m e  action can cauee the water surfaoe elevlstian t o  miee  as 
much ae 0.1 of B foot, which i n  turn ell m i e e  the f loa t  and 
iwer the gate ss much ae 1 foot, which would increase the  
discharge through the epihway to approximately 3,200 second- 
feet.  W e  featum of tibe autonatic control Is not deelrasble 
a6 it must. be vatohed vikh ~ i g i l a a o e . ~  

"k the e ~ i n g  of 1940, the automatic oontrole. were w i n  con- 
nected a f t e r  ailjwtment to permrit ogerrttion only war maximum reeervoir 
e lwat lan  and -en only .in case of reeervoir eurf'ace flvotuatione of 
from 6 to 8 inches. m i n g  flows of 1.5 fee t  i n  depth O Y ~ F  the creek, 



shaft, apparently entraining a i r  there faster  than it can be re-  - 
leased a t  the outlet end of the spillway tunnel, causin& the a i r  
pressure t o  increai~e un t i l  sufficient to break through the sheet 
of falling.water. The a i r  emerges with enough force t o  carry epray 
50 or  60 fee t  above the level  of the gate cres t .  This phenomenon 
occurs sometimes as  often a s  once avery 5 mlnutee, depe~nding upon 
the tailwater elevation, whl~h I s  influenced also by water released 
through the needle valve outlet .  For flow8 less  than %he above- 
stated, the excess entrained a i r  can apmrently move batck up the 
splllway shaft h p e r e d .  For flows greater than 1.5; f e e t  over 
the crest,  the a i r  pressure is  not sufficient t o  break back; and it 
i s  forced out through the outlet  end causing spray and water t o  be 
thrown high into the canyon. 

"No evldence of f l u t t e r  of the je t  has been noticed, thus in- 
3lcating that  the a i r  supply provided t o  the underside of the mppe 
through the 8-inch air pipes is adequate. Furthemre,  no evidence 
of vibration has been a p p m n t  i n  the spillway tunnel. Inspections 
of the epiilway, vertical. abaft, the elbow, and the tunnel dclwnrstmau 
have discloeed no indicatlon sf  cavitation erbslon er erosion of any 
kind. These Inapctions have been conducted annw,Uy since f i r s t  
operaticm of the spillway i n  1936. " 

Since no mention i s  q d e  of the effectiveness of the ice-grevention 
equipment installed near the epillway crest,  it i s  assumed tha t  it op- 
erates aatisfactorlly,  or  that it has never been neceseary to use it.# A 

1. plan and cmas-section of the spillway are ahown on IXgzrre U and a photo- 
p p h  of t I s  marning-glory i n  operation with 1. j fee t  of head over the 
crest 16  ehown on Figure 3A. A record of the n d e l  etudiee mde i n  con- 
Junction w i t h  the design of the Owyhee Dm Spi l lw~y i c r  contained i n  Hy- 
draulic Laboratory R e p o r t  HYD-159, Bureau 09 Reclamtion November 15, 1944. 

Gibson Dam--Sun R l ~ e r  Fmject, Montana 

"The water surface in  Gibeon Reservoir reachsd elovation 
4712 -0  on May 21, 1938, which is the e l e m t i ~ n  09 the creet  of 't$e 
concrete spillway. From b y  21 t o  Juna 28 a to,tal of srppmxhately 
435,000 .acre-feet of water flowed through the morning-glory sp i l l -  
way. A peak fl.uw of 13,100 second-feet occurred on June b .  

"In office l e t t e r  of December 2, 1946, subJect (Seepage con- 
ditions in  spillway tunnel--Gibson Ram) it m e  mntioned tha t  
erosion had occurred in the tunnel and tha t  the largest spot on 
the sides was about 30. inches hot i~onta i lg ,  18 Inches vert ical ly,  
and 2 inches deep i n  the center. It was ooncluded tha t  t h i e  
was caused by scaling due t o  freezing and thawing during the winter. 

"Upon inspection of the tunnel on July 91, 1948, two epote 
about 5 fee t  i n  greatest dimenelon, oval in  ehape, and 2 inches deep, 
prominently displayed erosion. The80 eroded areas are on the s'zde 
near the b ttom of the vert ical  bend and about 3 to 5 feet above e elevation . 550.0, which i s  the elevation of thelnvertof  the level 



of two reinforcemect bars, and the other one exposed-a s h o k  piece 
of one bar. It is believed that these two ameed areas have existed 
f o r  several years, ba t  the  water pmeing through the spillwap i n  
the  1948 season caused them t o  show additional. e ros im.  

"Ice hss always melted i n  place i n  the reservoir  when'the water 
surface has been below the c r e s t  of the  spillway, coneequently, no 
i ce  has mssed through the spilPr~ay. ' Large t rees ,  on the other hand, 
have passed through the spillway during flood seasons but never have 
,caused trouble. The spillway when discharging a Lsrge head, produces 
considerable noise, but it is  d i f f i cu l t  to see why t h i s  should be ob- 
jec t i  onabl e . " 
The or iginal  morning-dory spillway, cms i s t i ng  of a f r ee  c res t ,  

(Figure 1-B) w s s  completed in  1926. After several years of operation addi- 
tional storage was :needed. Tha morning-glory portion Gas kevlsed i n  1936 
t o  eniboly radial gates and piers,  as shown In Figures 1-C and 3-B. A n  
account of the mode?. studies made i n  connection w i t h  t he  revision can be 
found i n  Hydraulic Lsboratory Report KYD-159, Bureau sf Reclamation, 
Novercber 15, 1944. 

, 
Figure !+ i s  a photograph of the ve r t i ca l  bend i n  the Gibson Spillway 

taken in September 1948. The emslon reported i s  inconsequential compared 
t o  the  offsets  and breaks i n  continuity of the mrfcfce produced by rough 
form work. This type of surface is no longer tol8rated on new work where 
conduits carry high-veloci t y  water. Bough surfaces and -&ealinements a r e  
conducive t o  rapid erosion of the surface a t  high velocit ies,  as wao evi-  
dent i n  the Arizona eplllway tunnel of Boulder dam;l/xhi.le smooth eurfacee 
ahow res ie tanm to erosion a t  comparable velocit ies,  a8 was sham by thg 
spillway tunnel. e t  Fontana Dmn.g Z/ Ln both caeee the tunnels consisted 
of both inclined and horizontal eections, and a e  diecbsrgee ecld ve loc i t ies  
were comprable. 

L/ Warnock, J. E., "Cavitution i n  Hydraulic Structures," Trans Am. 
Soc.. C. E., V o l .  112, 1947, p 43. 

Reed, Oran, "Cmetruction Procedures a t  Fontana," Civ l l  Engineering, ' 
vol.  16, No. 5, m y  1946, p.210. 

1/ Peterka, A .  J., "Model m d  Prototype Studies on Unique Spillway," . c i ~ S 1  Engineering, Vol. 16, No. 6, June 1946, p 2!tg.  
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"The curved ~ e c t i o n  a t  the vertical bmdeln  the m r n ~ n ~ - ~ l c r y  
spillway i s  almost entirely submerged a t  all t i m a .  There baa not 
been an ocbaeion to  d s n ~ t e r  this tube s n d  accordingly it is not 
known whether erosion h a  occurred. Ths muinnam discharge through 
the structure has not exceeded ap~ox111atel.y 3,000 second-feet, 
whereas i ts  discharge capacity is  rated a t  appmxiznately 54, 000 
cubic fee t  per second. 

''Then, has been no occasion to operate the spillway w i t h  ice 
or debrie on the reservoir. No dif f icul t ies  have been exp'az-imced 
i n  oonnection with operation of the t m c t o r  gatee, however impmve- 
mnte could be mde i n  the design of the gantry hoists." 

\ 

I Figwe 1-E ehows a plan and section of the Kmgeley Spillway. 

The Ladybarer Spillway, England 

'"Mo erosion of the concrete b e  so f a r  been experienced e i ther  
in  the tunnel or st the vertical bend. The obJect of the model 
study was to ascertain the difference between the b e h e o r  of the 
internally eteppd form of design i n  cmtradiatinctlon t o  one with 
mocth M a c e ,  as had usG.Uy been adopted i n  the past, sincn the 
fcmer i s  mch easier t o  construct and likewise cheaper. In the  end, 
t , e  s tep t y p  proved t o  be loss eff icient  than the other. Tho out- 
come was, in  fact, elightly superior under naldmnrm work- cor~di t ims 

A plan and sectlr~n of the stepped hdybower Spillway is eham on 
F:.gure 2-5. 

Silent Valley Spillway, 
-1 

Ireland 

l'Apprehension that erosion might occur caueed the dosignera t o  
hina the vert ical  bend with cast iron." 

Fightre 2-M shows a eection of th5s s~illwas. 

Pontain btahil B ~ i l h r q ,  Jahore, k l a y h  Btatea 

"Thie sglllway is situated i n  t&e MlLayam forest  where oyclonic 
s t o m  occur of euch Intensity a s  to  uproot Large treea and carry 
than for  consldenibls dietancee. An emergency uveiqlow was provided 
in caae the  bel-Uuth became prtially blocked." 

A aketch of this epi l l ray is sham on mgum 2-N. 





"The vert ical  bend in the tunnel l k l  lined w i t h  caet iron. One 
record of a modemte flood i s  recorded a t  Burnhope involving a dis-  
chclrge of 1,440 second-feet . No undegirable operating conditions 
are on record. " 

A section of the Bu~nhop SplXLway i s  ehmn on Figure 2-0. 

knuherikia h l l e  Spillway, New Zeeland 

"Eroeion of the concrete has been experienceh a t  or near the 
vert ical  bend of the tunnel and also more p r t i c u l a r l y  a t  the crest 
curve i n  the vicinity of c o n s h c t i o n  joints. It is  suggested that, 
cons-cruction joints be avoided a t  t;he creat. 

"This spillway X?se not, un t i l  recently, p a s e d  a 1arys floud, \ and fox* this reason vo cannot a t  preeent give detaile of i t s  operation 
, under flood conditions. W i n g  t k a  week of Noveniber I, lgh8, however, 

a severe flood was expei-ienced i n  tbis region of the dam, and a request - 
has been made for mreainforrnai;ion. This report m y  be sWt ioe  in  
a r r l v i q ,  but we w i l l  dispatch it, together with a report on the l ~ b  
oratory tests ,  as soon ss they are available. " 

A crase-section of the Msnuher1kl.a Falls Spillway fa shown on Figure 2-P. 

Krrc.ueerbouten and Kljnigreichwaldo Spillways, Czeshoslovakla 

"These spillways have a rather ancient design and hgve rather 
amall dlnenflions . !Th8j r internal diameter: Is 13 feet,  and they begin 
t;o operate under a head of 85 fee t  from spillway cres t  t a  tailwater. 
The vert ical  shaft is lined with mijonry i n  one case, and there is a 
r ight  angle fin,  w h i l s  i n  the cther, a tranaitlon. No emeion has 
been experienced a t  the vert ical  bend, and no very objectionable vllrrs- 
tione have been se t  up i n  7Ae spiUway~ dtmlrg; opemtiola. No d i f f i -  1 
c u l t i e ~  have been experienced with ice  01: debrls, as  theee m e  not 
passed through the circular  spillway but, over a a&1 noranral overflar 
spillway. The epillweya contain emai l  piers which support a circular  
trashrack. There na tunLly  1 s sr3me noioe during o p r a t i  on, b ~ t  t h i s  
can h ~ ~ d l y  be t e m d  unbearable or very objectlomible. k flood tlmea 
the sptliway operates submerged." 

A l l  comespndance received from t h i s  investigation is on f i l e  i n  the 
EIydmulic Laboratory of tho Bureau of ReclamatSon. 

The inference t o  bs drawn from the foregoing is f a r  -Prom conclusive. 
Of the 17 m>rnlng-&Lory spiU.wmys Investigated, information on one was 
laokiw; two othere have never gone into operation; and'the majority of 
the mmJPnder have operated f o r  only ehort periods of time a t  disch~r~"g~dci 
ccmsidembly l e s s  t h a r  that for  which the epillways were designed, . lw~ving . 
eppoximtely four which can be considered to  have landergone a f a i r  t e s t  



I The most significant facts revealed i m m  the investigation were: 

a. That no erosion of the congreta ma repo,--' -' 
tical bend at Owyhee Dam. Thia ~pilluay has ope:, 
half camcity and baa by far the gneateet fall of 
in existence. In no case haa smeion of a eeriow .,.,. , , ,ma on . 
any of the spillways invrssti&ted. 1 

b. That vibration and noise were not aufflcient to be conaidered 
obJectionatls, ~ l n d  

o. That in no case hae debris or ice presented an7 unusual 
problem in operation. 

--* - - - . v  **"W C1 

m e  questionable factms a m  structural, euch a q  will the con - .  a -  ompoeing the curved sukfacea withstand the velocity ,ALL u c p a z  

I OX tne rast-rnW,ng water? 

W i t h  the compilation of C~ie data on m m I n ~ - e l n r w  a-43 3-----  - - A 

&------. Y a . "  p J _ v a  

and s f m i l d  reveal wealmesses in the mraiw-glory ehft -"-.,. ,,, 

1 
geaeral wwhneesee exist. 
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a .  

Gibson , :Sun~verPmjact-Xontena : 50,000 : 17 : 162 : 350 : 6 radicl goten : 6 : 29.5 : 59 ;!Ern-1.59, lams and Control *!arks, hegionnl Jicector, Ilrrsau of Reclamation, 
r in reverse : : I ! . .  - 

: I :position, 3k*. by : 
: L2, 

: 60,000 : 13 : 656 1 2,510 ;I2 r a d i d  gntos I 12 1 36 1 : hfineerin;: "cnrsJ.owrd, October 17,: 
: 1935 

Guernsey :tXorth Platta Project- : 30,fXO : U4.5 : 86.5 : 750 : 2 dnuu ~ a t e s ,  : 1 : 30' : :Catztsc on o n l ~  ~ n e  cine of :?rm and Control worku, 1929, I ~ ~ g 1 . o ~  Xreotor, Bur- of Roclanution ---- : lsbraska : 64' by U.5' : : horoes':oe : . : 3enver, CDlor~ 

.-. r r~na~angnam, vermont : nppmx I -. 
Pleasant H I U .  :Mohican Biver near Perqa- : 16,003 : 18 : 98 : 680 : None : 10 : 20 : 85 "- . ~ l ~ o u l i c  ::ode1 Otudiaa for ?leasant IDivision Bg5aer, Ohio Uver Dl*ision, 

: W e ,  Ohio ! : F i l l  Dan, I ' j g ,  1935, Caac School of: Corps of %@.neera, U. S. Anql, 
: ~p? l l ed  Ccience : .536 U. S. ?ost Offlce aldg, Cindnnati 1, 

I : Oh10 
: 

W a l S Y  :North Pla t ts  Rim? near : 51rp000 : 28 : U8 : 723 :l2 tractor gaten,: 1 2  r 28.5 : 64 I ~ e ~ 0 t - t  on F!!rullc Yodel Studies, ;chief Engineer, Cant-tl I;ebraska P - : O g r l l r L . ,  Nebraska :181by22*  : : appmx : : Xestone Dun, fiov 1936, Case Sch 
: of Applled Scist.ce : IJwbraaka 

kaqnat C.q)Pn i~ouquet. Creek, 50 rptlss frcm 1 6,903 1 5 1 168 ; ~ , Z S J  j !:one : l v a m  : 8.0 : 16 . :Civil ~ l n o a r i n ~ ,  Yo1 I ,  110 8, :Chief hginear, Jept G* "later and Porpr, 
-,- r Los dagrles r a~ppnrx : : Aug 19% T q e  393 : Clty of Los Anghlea, as Inplea %# 

: 
: 1 

None 
- 

. I  ' : . . - . . r ht;a sharp bends 

: 16,800 : 9.35 : 245 : 6110 : J'one : Curtnln : 15 : :Eqmrhants on BaUmuth Md Siphon :X. .I. C. %yd,a, 3+i.e, Dsqnmr mi . .-- . --- A 

.. 
I w n U  : : %Uwuth overflow spillways, by : r - 

I : Ckoffrfrsv :!orae Bhi-La. Journal r Victoria Stmet, 20-a~ S.3. wand 
: : : ~ n a t ~ t u i a  of c i a  -am, VOI. 1% 

: I:ov 1938, Page 65 

: 3,040 : 2.8 : 10C : :'one : Ir : 13 : 1 5  :Trans of the Institrrte of "inter :';. J. 7. Vnnie, Y s r i a ,  Deacon aa 
: f ins  : 
: b e l a  crest 

I 
: 2,MX) : 2.3 : 54.6 : : ?!one : 4 : 16 : 18 :Trans of the Tnctitute of ::ator ::I. J. 3. D+nrde, -0, Deacon m 

: :fins below : S.&neaa, Vol =I, 1937, Paga 103: Carr lq ,  .,rtlll.ery W s e ,  
crest : : Victoria St., ..itUtahat*, S.9. 

: 2,700 : 2.7 : 59.5 : : ::one : 15 : U : 10 :Trcna of t h e  Inatitutc, of Satar :ii. 3 .  :. Binnie, Unnlo, Daaoon m 
: n&inaor#, Vol ZII, 1937, Page 103: C o u r l ~ ,  ArtLllery A-e, milla 

: . . : Victorla St.. Reatmirutor. S.::. 0 . . - - 
2,630 : 2.7 : W3.5 : : Hone : 2 1 2 :  16 ~~ of the Institute of ::ator Iw. J, E. BklRie, EJnnIa, Deacorl e~ 

x :fins cur- : : hglne.rrs, Vol :U.II, 193'7, Pwe 103: Cnulcp., !&lllerp DQIIP~, kt.iU.e 
t tta* w a l l  : : 1 

I : 
: 19,400:  6 : 90 : Kone r 6 1 7 :  :Trans of the InatLtute of ":ator :J. :I. Ridlsy, m - e l e c t r l c  Da  

Batuw : : appmx : : 1 rnineera, Vol XLX, 1937, Page 103: l % ~ I s t r ~  of :orb, ;7slLPngton, W a  Zsabad 

r i 1,- f 2.46 j 60 : h e  : Nvne : 6.4 : :Three s h f t a  :CLonra3.e del  "40 CFvila, July 31, : 
I for : : wprm : 
i 3 6h-8 : 

: 1917, Fwe 3W 
: 

I : : .. 
: 5,600 : 53.6 : 59.5 : 625 : !;one : 6 1 4  21 :Under c o ~ t n r c t i o n  : ~Hegional inmotor, IkraRu of R ~ c l ~ t i a r ,  ' 

: E l l n g a ,  XontaM 

I 
: : 

Huqrl b r a e  :Uonta~ : 53,000 : 16.9 : 475 : : 1 ring gsto, : 1 : 24.5 : 55 ;500 alophq tunnel propomd :?mllrainnry deoigl ifIa(riona?, Dimtor ,  avU. o . f ~ R r ~ l o n ,  ( 
z : 6b 'by12 '  : : Bill 
f 

Soath ~ l m t o n  :-th Hobton River, T e ~ ~ s e e e  61,000 : 
I 

: :!one : 6 3 4  75 ;under c o ~ t ~ c t i o n  :a*d -mr, 1 m e u w  V a l l e y  t.utSd+q, I 
t : KnmxLUe, Tennaasw 

I - .  r : -. 
, ~ a m e o s w  : 61,000 : : 25'0 : 1:one : b : 34 : 75 :Under corutructim : ;chiel ,Sy;Lnoer, Tannessw Vallq~ A I 

: : Knmcrllle, T m e s s w  

: California 

ktepped glory hole--'hm a p m - I ~ h o  %-Sneer, Yo1 U8, llov 3, 1939, :C. Ii. H+ and SOUS, 51 ?!osley St., 
: wrvs-20th horizontal turmsla: Pans Llb : Znnchosta 2, England 

joUrIey, ArZaLlmy nouse, - JrZillQI tllh, 

a 
: 3v:insen, 'lo1 VJI, 1937, l 'cp 103: Gourlsg, :.rttllerg Rouse, fiiil* M, 

: Victoria St., IlsstminStsr, S.3. 

d 

uai * J  

w 
d 
w 5% 
W d  
,d 
i Rai, 

Plctoria St.. Weshdnatsr, S. .:. w e n d  

dgn Office. 

mga, - 
i*wtr, 

~ L O g r O I I  uutltuce, 

srjk. 
alodcal Innt5.tuk. 

da - 

i I t 
b r p . d m d a e ~  :Caaoboslonkla : 3,500 : 3.5 : : t 16.5 : t :Trans ISW, Vol 66, 1925, t ' q e  77 ST. I I d ,  c/q T: G: F y ,  * :  

I 2 9 : : ::ational :' 
I : t : : Prpeue X U ,  Podbaba, CsWhOnlOPaldO 

: : : 
.a - : : : :ho ah& spillwr(ys 8 7 ~  &C%, V o l  88, 1925, Page 77 :P. ltnac, c/o T. C. !'a, i . :  I 

a : 2,500 : : a 
: llational Hydn 
: Prug~. XXX, Pod- -01.) 



B. Gibson Bm Spillway-elmwing arrangement o f  
rad ia l  gat- and piem 

~ I N G - D L O W Y  SPlZTWAYS 



GIBSON DAM ~PILWAY-SH&Q~G D I S C O ~ ~ Y  AND EROSION 
AT VERTICAL BWD. 



* ,.C - $  ' 
' 

, , I .  

Table 2 
_I 

PROXITYPE BZAVXOR OF f.?O~TIIG-GLOKY SPIEiA9S -- 
t . . t : Davis :Pleasent: : Boupet :Lady-: : Taf ':silent :Pontian: Burn-:AlanuherMs: Bass- , : 

"I 

. 
Questions : Ow#hee : Gfbson ,:Guernsey:Bridge : H i l l  : King n 8111 :Canyon :bower:Yubfiee:Fechan:Tlalley:Ketchil:hope :. Falls' :Power Canal:Krauserbouden:Ko~ref~hrra1d~ . . *. . . 

9. 

(a) Has erosion been exper2encal at : No* : Small : -1 : w r  : . :Uncertain*: : fJo : No : No : KO*: 1-10 :No++: Ye* : . No No . or near ver t ica l  bsnct. in  tunnel?: : zunount*: alncm&Jt:-t(.: . 
I 

* . J 
. 

' .  . (b) Rau vibration been noticeable : IJo* : No . . : o : 170 : o : NO : i s70  : 110 : E!o . . . .. . . . No during operation? . No . . . . 
: g :  g : 9 . . : 

r .  . . . '  (c) Has diliicul%g bean experienced No 1 lsT09 I 6 -  I Nos : 3 : No36 : -$ :No ! 116 : No : IJo : 1 -  :No : 110 : No 
5 . , : 

. No inepassing ~ C Q  or debris? a t  : k .  8 .  . . 0 . . a a -  
: Kd* : ( d )  Has noise been sufficient t o  be : IJo 2 %  O : ljo : @ : 0 : !To : ?!o : No : Ro : h'o : No . . . . No . . I?', ! 

0 .  objectionable? : noisy,: o . 
4 -  4 .  :sot ob- : 3 : . C .  
4 -  2' I d 

.? 

: jection-: 5 8 1 :2ble+F : $ I . . cb 
d 

M :  : : . 
(s) Have piers or curtain walls : Yes : : Yes : 2 : : : Yes : Yes : Yes : Yes : Yes : Yes : Yes : 8 

C . $ : 
. 

4 
. 

prdTpsn as effective as  antic:t- : . . . 3 i p&ed? : * :  . . 
: 2 :  : g :  . . i (f) Has spillway ever operatoci : No : Ilo : o : Eio : : I.!o : : ? T O  : NO : I!o : 1.!0 : 110 .:No : No i ~ n c e r t a h  : ~ n c e r t a ~ a  

suhorged? b . 
, 

0 -. . . . 
. . . . . . . . . . , (g) Have imy d i f i i c u l t s e  been erx- : Ke* : No t NO : : Ko3i : . * perienced with gats operation? :on auto-: . . . . .- 

0 
. 

: mP;it: : .' . . . 
(h) k v e  w head-discharge measure- : : KO* : Co* t m@ : : N@ : : No : 140 : 140 : fro : No : MtH : I?&+ : . : No 

. 
mer-t s been ffiade? NO . . . '  : . . . . 

(i') Otbas diificultiee experi,gnced : None : None : None : None : : I!one : : None: None : None : None : None : IJOIB: None : . . . . Nona i drl&& operation. . . ~ u n e  . . . : 

- + + i c a f ~  additional hfosmation available in the text. 
-- 


